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ABSTRACT: 


Objective: To determine the frequency of Cardiac Autonomic Neuropathy 
(CAN) in patients with Type 1 Diabetes Mellitus and its relation to various 
microvascular complications. Study Design: Descriptive study conducted 
at Institute of Diabetology, Madras Medical College between May 2015 to 
July 2015. Methodology: Patients with Type 1 Diabetes Mellitus of at 
least 1 year duration were selected. CAN was evaluated in terms of 
parasympathetic and sympathetic involvement by standardized computer 
software and results were obtained as Normal, Early, Moderate and 
Definite Cardiac Autonomic Neuropathy involvement. The overall 
frequency & intersex variation of CAN was assessed. The association 
between CAN, diabetic control and duration of diabetes were determined. 


The relative frequency of CAN with various microvascular complications 


was also studied. Results: The mean age was 28.72 + 11.19 years with 


male to female ratio of 1:1. Mean values for duration of diabetes and 


HbAtIc were 11 + 8.48 years and 7.71 + 1.96 % respectively. The presence 
of Normal, Early, Moderate and Definite CAN involvement was 16%, 
50%, 10% and 24% respectively in overall study group. The frequency in 
male patients was 16%, 48%, 16% and 20% and in female patients was 
16%, 52%, 4% and 28% respectively. There was no Definite CAN 
involvement but Moderate CAN involvement was seen in 6% of patients 
with < 5 years duration of Diabetes (16 patients). 12% and 35% of patients 
with > 5 years of disease (34 patients) had Moderate and Definite CAN 
involvement respectively. Moderate & Definite CAN (Severe forms) were 
significantly related to duration of disease (p < 0.05). Among CAN 
positive patients 14% patients had retinopathy, 9.5% of patients had 
nephropathy and nearly 30% patients had neuropathy. Conclusions: CAN 


is common among long-standing Type 1 diabetes patients. Early CAN 
involvement was more common than other grades of CAN and there was 
no statistically significant sex predilection. Severe forms of CAN were 
significantly related to duration of the disease. Among microvascular 
complications Peripheral Neuropathy was more commonly associated with 
Cardiac Autonomic Neuropathy than Retinopathy and Nephropathy (p 
<0.05). 
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INTRODUCTION 

Type 2 Diabetes mellitus affects over 250 million 
people across the world. Neuropathies in a diabetic 
patient includes Autonomic Neuropathy and 


Peripheral neuropathies. Cardiac autonomic 
neuropathy is a devastating form of autonomic 
neuropathy. These complications are common 
among Typel and Type2 diabetes patients .They 
confer high morbidity and mortality to diabetic 
patients. The prevalence of CAN which is reported 
worldwide, varies greatly depending on the criteria 
used for CAN detection and the population studied. 
CAN prevalence ranges from as low as 2.5% to as 
high as 90% of patients! with long-standing type 1 
diabetes 1 in the Diabetes Control and 
Complications Trial (DCCT) 2 .In a large group of 
patients with type 1 and type 2 diabetes, Ziegler et 
al. 3 ,using predefined heart rate variability (HRV) 
tests found that 25.3% of patients with type 1 
diabetes and 34.3% of patients with type 2 diabetes 


had cardiac autonomic neuropathy. 


Age, sex, and other risk factors may also 
influence CAN development. In diabetes, CAN 
occurs ultimately as the result of complex 
interactions between varying degree of glycemic 
control, disease duration, age-related neuronal 
damage, and systolic and diastolic blood pressure 
4,5. Hyperglycemia plays the key role in the 
activation of various biochemical pathways related 
to the metabolic and/or redox state of the cell. This 
in turn concert with impaired nerve perfusion 
contribute to the development and worsening of 
diabetic There are 


neuropathies. numerous 


pathogenic pathways that may impact autonomic 


neuronal function in diabetes including: formation 
of advanced glycation end products, increased 
oxidative /nitrosative stress with increased free 
radical production, activation of the polyol and 
protein kinase C pathways, poly ADP ribosylation 
activation, and activation of genes involved in 
neuronal damage.6-8 An increased resting heart rate 
is frequently seen in diabetic patients mostly due to 
vagal cardiac neuropathy that results in unopposed 
sympathetic cardiac activity. The tachycardia may 
be followed by a decrease in heart rate and, finally, 
a fixed heart rate due to progressive damage of the 
cardiac sympathetic nervous system. Heart rate 
variability is proved to be the earliest indicator and 
most frequent finding in cardiovascular autonomic 
dysfunction. Cardiovascular autonomic neuropathy 
leads to a reduced ejection fraction , systolic 
dysfunction and decreased diastolic filling. Due to 
impaired sympathetic and parasympathetic 
responses that normally augment cardiac output and 
redirect peripheral skeletal muscle blood flow, 
exercise tolerance will be limited. Exercise 
tolerance is also reduced by a reduced ejection 
fraction, systolic dysfunction, and impaired 
diastolic filling.The risk of arrhythmia is more for 
the diabetic patients with a regional sympathetic 
imbalance and QT interval prolongation. Regional 


myocardial autonomic denervation and altered 


blood vessel response in diabetic autonomic 
neuropathy may predispose to malignant 
arrhythmogenesis and sudden cardiac death. 


Diabetic patients have a high rate of ischemic heart 
disease, which may be asymptomatic due to 
Silent ischemia is 


autonomic neuropathy. 


significantly more common in patients with CAN 
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than in those without autonomic neuropathy (38% 
versus 5%). A reduced appreciation for ischemic 
pain can impair timely recognition of myocardial 
infarction and thereby delay appropriate treatment. 
The characteristic diurnal variation in the onset of 
myocardial infarction is altered in diabetic patients, 
with a lower morning peak and a higher incidence 
of infarction during evening hours . Mortality rates 
are also higher for diabetic patients after a 
myocardial infarction than for non diabetic patients. 
This may be due to autonomic insufficiency, 
increasing the tendency for development of 
ventricular arrhythmia and cardiovascular events 
after infarction. Ewing et al, in the early 1970’s , 
proposed five simple noninvasive cardiovascular 
reflex tests (Valsalva maneuver, heart rate response 
to deep breathing, heart rate response to standing 
up, blood pressure response to standing up, and 
blood pressure response to sustained handgrip) that 
have been applied to study cardiac autonomic 
neuropathy. Today, sensitive and early assessment 
of cardiovascular autonomic neuropathy is possible 
by means of noninvasive autonomic function tests. 
The association of mortality and cardiovascular 
autonomic dysfunction indicates that individuals 
with abnormal autonomic function tests should be 
under close surveillance. It has been recommended 
that a baseline cardiovascular autonomic function 
be performed upon diagnosis in type 2 diabetes 
patients and within 5 years of diagnosis for those 
with type 1 diabetes, followed by a yearly repeat 
test. Data regarding the cardiac autonomic 
neuropathy in Type 1 patients with disease duration 
of less than 5 years is limited. In addition, the 


presence of autonomic dysfunction should alert the 


health care professional to implement an intense 
program to reduce these factors and thereby reduce 
the risk of mortality. 

MATERIALS AND METHODS 

This descriptive study was conducted at the Institute 
of Diabetology, Madras Medical College & Rajiv 
Gandhi Government General Hospital from May 
2015 to July 2015. Data was collected on a 
structured proforma. Fifty patients with Type 1 
Diabetes Mellitus (DM) of at least 1 year duration 
Female ratio of 1:1 


were selected with Male : 


through non-probability purposive sampling. 
Inclusion criteria was male or female, aged > 10 
yrs, with duration of Type 1 Diabetes > 1 year and 
BMI < 40.0 kg/sqm . 

Patients with cardiac disease within the last 6 
months defined as de-compensated heart failure 
NYHA class III or IV ;unstable angina pectoris or 
MI, Severe hypertension ,systolic BP >/=180 mm 
hg or diastolic BP >/= 100 mm hg ,after 5 minutes 
rest in the sitting position using mean value of 3 
measurements, Impaired hepatic function as 
indicated by SGOT or SGPT >2.5 times the upper 
normal range, pregnant women and patients already 
on sympatholytic or vasodilator drugs were 
excluded from the study. 

CAN was evaluated in terms of presence of resting 
tachycardia, loss of sinus arrhythmia and heart rate 
response to Valsalva maneuver by automated 
computer software and patients were graded as 
having Normal, Early, Moderate and Definite 
Cardiac Autonomic Neuropathy. The subjects who 
had given consent underwent a non invasive study 
of cardiac autonomic function using a standardized 


protocol and a calibrated equipment. A detailed 
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relevant history was taken from the patients. The 
symptoms of DAN like postural hypotension, 
bladder dysfunction, gastroparesis, and impotence 
were sought. The subjects in the study were 
stratified based on their disease duration, age group, 
associated comorbidity and gender to analyse the 
relative frequency of cardiac autonomic neuropathy 
in various strata. Secondarily, Renal lab parameters, 
Biothesiometry screening report and Fundus 
examination reports by a qualified ophthalmologist 


were taken into consideration and relation of 


Cardiac Autonomic Neuropathy with the 
microvascular complications was __ studied. 
RESULTS 


The mean age was 28.72 + 11.19 years with male to 
female ratio of 1:1. Mean values for duration of 
diabetes and HbAlc were 11 + 8.48 years and 7.71 
+ 1.96 % respectively. Fifty patients of type 1 DM 
were studied. The presence of Normal, Early, 
Moderate and Definite CAN involvement was 16%, 
50%, 10% and 24% respectively in overall study 
group.(Chart 1) 


Chart 1: Distribution of the various grades of CAN 
among study group 
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The frequency in male patients was 16%, 48%, 16% 
and 20% and in female patients was 16%, 52%, 4% 
and 28% respectively.(Chart 2) 


Chart 2: Distribution of various grades of CAN among 
Males and Females 
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There was no Definite CAN involvement but 
Moderate CAN involvement was seen in 6% of 
patients with < 5 years duration of Diabetes (16 
patients). 12% and 35% of patients with > 5 years 
of disease (34 patients) had Moderate and Definite 
CAN involvement respectively. Moderate & 
Definite CAN (Severe forms) were significantly 
related to duration of disease (p < 0.05).(Chart 3) 


Chart 3: Distribution of severe forms of CAN based on 
disease duration 
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Among CAN positive patients 14% patients had | 
retinopathy, 9.5% of patients had nephropathy and 
nearly 30% patients had neuropathy.(Chart 4) 
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Chart 4: Proportion of microvascular complications 
among can positive patients 
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DISCUSSION 


Mortality risk: CAN is associated with a high risk 
of cardiac arrhythmias and sudden cardiac death. 
Studies of subjects with CAN have shown 5-year 
mortality rates of 16-50% in type 1 and type 2 
diabetes, with a high proportion due to sudden 
cardiac death.” In the EURODIAB Prospective 
Cohort Study, CAN was the strongest predictor for 
mortality during a 7-year follow-up, exceeding 
traditional cardiovascular risk factors. '? The Hoorn 
study reported that the presence of diabetic CAN 
doubled the 9-year mortality risk in an elderly study 
patients. '' A meta-analysis of 15 studies including 
2,900 subjects with diabetes reported a pooled 
relative risk of mortality of 3.45 (95% CI 2.66— 
4.47) in patients with CAN, with a progressive 
increase in the risk with the increasing CAN 
abnormalities ‘'* The higher predictive value of an 
increased number of CAN abnormalities was 
confirmed more recently in two other cohorts of 
type 1 and type 2 diabetes patients. It shows that a 
combined abnormality in HRV and QT index was a 
strong predictor of mortality independent of 
conventional risk factors. '* The increased mortality 
risk associated with CAN has important 
implications for diabetes management. Silent 
myocardial ischemia and Diabetic 
cardiomyopathy: A consistent association between 
CAN and the presence of silent myocardial 
ischemia, with point estimates for the prevalence 
rate ratios from 0.85 to 15 was reported in a meta 


analysis of 12 published studies. '° In the Detection 
of Ischemia in Asymptomatic Diabetics (DIAD) 
study of 1,123 patients with type 2 diabetes, CAN 
was a strong predictor of silent ischemia '° A 
reduced appreciation for ischemic pain impairs 
timely recognition of myocardial ischemia or 
infarction, thereby delaying appropriate therapy. In 
patients with diabetes, presence of symptoms such 
acute onset dyspnea, severe fatigue, and/or acute 
onset of nausea and vomiting should raise a 
suspicion for an ischemic event and prompt the 
appropriate treatment. '* The presence of CAN was 
also linked to the development of diabetic 
cardiomyopathy in type | diabetes . In these 
patients LV dysfunction often precedes or occurs in 
the absence of significant coronary artery disease or 
hypertension. Diastolic dysfunction early in the 
course of type 1 diabetes that correlated with 
abnormal cardiac sympathetic imaging has been 
identified. Further studies are needed to clarify the 
interactions between CAN, silent myocardial 
ischemia, and cardiomyopathy in diabetes patients. 
Intra-operative and peri-operative 
cardiovascular instability: In diabetic patients 
receiving general anesthesia it was observed that 
individuals with CAN required vasopressor support 
more than those without CAN. '* Individuals with 
CAN may experience a greater decline in heart rate 
and blood pressure during early phase anesthesia 
and more severe intraoperative hypothermia. It 
results in decreased drug metabolism and impaired 
wound healing.'* Stroke: A recent study in 1,458 
patients with type 2 diabetes reported that presence 
of CAN was one of the strongest predictors of 
ischemic stroke in this study group together with 
age and hypertension. '° Earlier reports showed 
similar associations .'“ 


CONCLUSIONS 

CAN is common among long-standing Type 1 
diabetes patients. Early CAN involvement was 
more common than other grades of CAN and there 
was no Statistically significant sex predilection. 


Severe forms of CAN were significantly related to 
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duration of the disease. Development of Cardiac 
Autonomic Neuropathy was observed even in 
patients with less than 5 years of duration of the 
disease in a significant proportion. Hence it is 
prudent to screen for the cardiac autonomic 
neuropathy in Type | Diabetes patients within five 
years of onset of disease if the glycemic control is 
unachieved over a long period of time. Among 
microvascular complications Peripheral Neuropathy 
was more commonly associated with Cardiac 
Autonomic Neuropathy than Retinopathy and 
Nephropathy (p < 0.05 
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